The boron and nitrogen hyperfine structure in the rotational spectra of two aminoborane isoto pomers, n BH2NH2 and 10BH2NH2, has been investigated and the quadrupole coupling constants of boron 10B, n B and nitrogen 14N have been determined. We get the following results for the nuclear quadrupole coupling constants: zaa(n B) = -1.684 (14) MHz, xbb(11B) = -2.212 (11) MHz, X C C (UB) = 3.896(11) MHz, xaa(10B) = -3.481 (11) MHz, &",(10B) = -4.623 (14) MHz, *C C (10B) = 8.104 (14) MHz and xfla(14N) = 0.095 (9) MHz, ^fc(14N) = 2.091 (8) MHz, y (14N )=-2.186 (8) MHz. These nitrogen quadrupole coupling constants are those of the n BH2 NH2 isotopomer. Additionally we were able to determine two out of the three spin rotation coupling constants caa, cbb, and ccc of boron, caa(n B = 55.2 (26) kHz, cfcfc(11B) = 6.62 (36) kHz, caa (10B) = 15.26 (69) kHz and cfcb(inB) = 4.94 (70) kHz. The spin rotation coupling constants ccc had to be fixed to zero in both cases. Furthermore we measured the rotational spectra in the mm-wave region to determine all quartic and several sextic centrifugal distortion constants according to Watson's A and S reduction.
Introduction
Aminoborane, BH2NH2, belongs to the isoelectronic inorganic analogs of simple hydrocarbons, where pairs of carbon atoms are replaced by boron and nitrogen. In general the BN-analogs are less sta ble than the hydrocarbons; aminoborane, e.g., poly merizes very quickly at room temperature and normal pressures whereas ethylene is stable under these con ditions. Therefore it is difficult to study BH2NH2 in the gas phase.
The rotational and centrifugal distortion constants of five isotopomers of aminoborane, UBH214NH2, 10BH214NH2, n BH215NH2, n BD214NH2, and mBH214ND2 were first determined by Sugie, Takeo and Matsumura [1] . Using these rotational constants, they calculated the complete rs structure of the un stable molecule. Some of the transitions they ob served, showed a hyperfine pattern due to the quadru pole coupling of boron and nitrogen. They were not able to determine all quadrupole coupling constants from these transitions. The yaa coupling constants of both nuclei (n B and 14N) were fixed to values, calcuReprint requests to Prof. Dr. H. Dreizler, Institut für Physikalische Chemie der Universität Kiel. Olshausenstr. 40 60. D-2300 Kiel. lated with the aid of ab initio molecular orbital meth ods.
Experimental
The substance was prepared by controlled thermal decomposition of borane-ammonia, BH3NH3, to aminoborane in a flow system. b h 3n h 3 b h 2n h 2 + h 2.
This preparation method was first used by Gerry et al. [2] , who studied the infrared spectrum of the sub stance.
The borane-ammonia BH3NH3 was obtained com mercially from Fa. Alfa Products, Karlsruhe, and used without further purification. The lifetime of the BH2NH2 was about 10 min in the brass cells of the microwave Fourier transform (MWFF) spectrometers [3] [4] [5] [6] and about 60 min after conditioning in the glass cell of the millimeter-wave spectrometer [7] , The high resolution spectra of the different isotopomers up to 40 GHz where recorded with microwave Fourier transform spectrometers at a temperature of 223 K and pressures between 0.13 and 0.65 Pa. All rotational transitions which were used for the hyperfine structure 0932-0784 / 91 / 0900-0746 S 01.30/0. -Please order a reprint rather than making your own copy. Table 1 a. Rotational transitions of n BH2t4NH2. vc: hypothetical center frequency, robs: frequency of the hyperfine compo nent, Arexp: experimental hfs-splitting referred to the hypothetical center frequency, Arcalc: calculated hfs-splitting referred to the center frequency, < 5: difference between experimental and calculated hfs-splitting. The transition J K _ K + -J ' K'_ K'+ = 101 -0oo, marked with *, is not included in the hfs-analysis. [8, 9] , The transitions above 40 GHz were recorded using a millimeter wave spec trometer with source modulation technique [7] at room temperature and pressures between 1 and 4 Pa.
The center frequencies of all rotational transitions of u BH214NH2 which were used for the centrifugal distortion analysis are listed in Table 2 . This Table contains also transitions given in [1] , Assignment of the Nuclear Hyperfine Structure First calculations of the nuclear hyperfine structure of the rotational transitions were made using the rota tional constants and the quadrupole coupling con stants given in [2] . [1] do not satisfactorily reproduce the hyperfine structure, see Figure 1 . After several attempts to assign the hyperfine struc ture of the transitions we chose the following way, which was finally successfull:
l.Fhe measured rotational transition J K _ K + -J'K '_K '+ = 1 0 1 -0 0 0 of n BH214NH2 showed a triplet pattern. Theoretically, the hyperfine struc ture of this transition depends only on the yaa cou pling constants of both nuclei. The triplet structure of the transition leads to the conclusion that one of the nuclei possesses a large coupling constant yaa while the other one must have a very small yaa. We had to distinguish between two possibilities. First, the boron coupling constant yaa is large while the yaa constant of the nitrogen is rather small, this leads to the result yaa(u B) = 1.75 MHz in good agreement with the calculated value ^( " B^ 1.6 MHz of [1] . Second, the nitrogen coupling con-stant yaa is large while the yaa constant of the boron is rather small. This leads to the result / aa(14N) = -1.09 MHz. The corresponding coupling constant given in [1] is / aa(14N) = -0 .6 MHz. 2. We succeeded in measuring the rotational transi tion J K _ K + -J 'K '_ K '+ = 6 2 4 -6 2 5 of the n BH21?NH2 isotopomer in natural abundance, see Table 1 [1] is in good agreement with our corresponding constant as mentioned above, and second the two coupling constants (ybbycc) of both nuclei, n B and 14N, were experimen tally determined.
With these considerations we obtained reliable starting values for three out of four nuclear quadru pole coupling constants; only one coupling constant, namely yaa of 14N, remained uncertain.
The hyperfine structure of the rotational transitions of the 10BH214NH2 isotopomere is even more compli cated than the corresponding hyperfine pattern of UB due to the nuclear spin, 7 = 3, of 10B. There was only one transition of 10BH214NH2 which was appropriate to fit the nuclear coupling constants while the hyper fine structures of all other transitions were not re solved in a satisfactory way.
Results and Discussion of the Centrifugal Distortion Analysis
Aminoborane is a near prolate asymmetric top rotor (x = -0.92) with the dipole moment vector along the a-axis of inertia. Our first calculations of the rotational transitions of n BH214NH2 were based on the rotational and centrifugal distortion constants given in [1] . Due to the large rotational constants there exist only Q-branch transitions in the micro wave range. Further calculations, which take into ac count the rotational parameters of [2] , showed that there exist two P-branch transitions at 34 and 36 GHz, J K _K + -J ' K'_K'+ = 11 2 9 -1 2 0 12 and J K _ K +-J 'K '_ K '+ = 10 2 8 -1 1 011. These transi tions are relatively weak due to the selection rule AK _ =2, but they are highly sensitive to the centrifu gal distortion constants and especially to the rota tional constant A. Knowledge of the hyperfine struc ture of these rotational transitions enabled us to unambiguously identify them and determine their cen ter frequencies.
Using the set of rotational parameters based on the transitions in the microwave range, the prediction of transitions in the millimeter wave region was accurate enough to identify the measured lines.
For the final fit we included all our center frequen cies and additionally the center frequencies listed in [1] . Using the planarity relations [10] we were able to determine the rotational constants, all quartic cen trifugal distortion constants and three of the sextic centrifugal distortion constants according to Watson's A and S reduction [11], The other sextic constants 4>k, <Pj and cpK, respectively HKJ, HK, and h3 had to be fixed to zero for the fit. Due to the planarity relations, the sextic order constants <Pj in case of Wat son's A reduction and h2 in case of the S reduction were constrained to the other centrifugal distortion constants. The results of this analysis are listed in Table 3 .
We were not able to resolve the K-doublet transi tions 542 -441 and 541 -440, although the prediction gave a splitting of about 300 kHz for the center fre quencies. We could measure only one strong line at 252071.76 MHz due the overlapping of the hyperfine structure. Its frequency is exactly the averaged fre quency of the two calculated transitions. Therefore it was not included in Table 2 and in the fit.
As expected, some of the obtained parameters in the Watson's A reduced fit show larger errors than in the symmetric reduction.
In case of 10BH214NH2 we were not able to deter mine experimental center frequencies of the rotational transitions due to the overlapping of the hyperfine components, as mentioned above. Therefore we did not perform a centrifugal distortion analysis but used the rotational and centrifugal distortion constants given in [1] . The hyperfine structure of the rotational transitions of both isotopomers,1X BH214NH2 and 10BH214NH2, were analysed by first order perturbation theory [12] . In case of 11BH214NH2 we made use of all transitions given in Table 1 a with exception of the rotational transition J K _ K +-J ' K'_ K'+ = 1 0 1 -0 0 0 . This transition was omitted because of the higher uncer tainties of the frequency determination.
For the analysis of the hyperfine structure in the spectra of 10BH214N H 2 we used the transition J K _ K +-J 'K '_ K '+ = 1 1 0 -1 1 1 , which is listed in Table 1 b. We were able to determine all nuclear quadrupole coupling constants of n BH214NH2 and 10BH214NH2. Additionally we had to take into ac count the boron spin rotation interaction to achieve a satisfactory fit within the measuring accuracy of our spectrometers. In case of UBH214NH2 all spin rota tion coupling constants caa, cbb and ccc were calcu lated, but one of them, ccc, was zero within the stan dard error. In case of 10BH214NH2 only two of the constants caa and cbb could be determined. Therefore we decided to fix ccc for both isotopomers to zero. The results of the analysis of the hyperfine structures are listed in Table4a for UBH214NH2 and in Table 4b for 10BH ,14NH2. In Table 5 we present the quadru pole coupling constants of some boron compounds similar to aminoborane. With the assumption that the bonding orbitals of boron are in all cases sp2-hybrids, the orbital perpendicular to the sp2-plane is a pure p-orbital. The unbalanced occupations of these p-orbitals, caused by back donation of rc-electrons from the boron bonding partners [13], are described ap proximately by the coupling constants ycc. The quadrupole coupling constant by a single p-electron of boron is eQq2l0 = -5.39 MHz [14] . The molecules listed in Table 5 may be classified in three groups. Aminoborane is the only member of the first group. This molecule has only one bonding partner possess ing jr-electrons, namely the NH2-group. Members of the second group are HBF2 and CH3BF2, each of them possesses two bonding partners with Tt-electrons, the fluorine atoms. C6H5BF2 and BF2OH are members of the third group. In this group all three bonding partners have 7t-electrons. Consequently, in this picture the member of the first group, aminobo rane, with only one Jt-donor, possesses the highest positive /cc value, i.e. the lowest occupation of the pure p-orbital. Fhe ycc values of the members of the second group are less positive, caused by the bonding with two Tt-donors. The members of the third group, each of them possessing three Tt-donors, have the low est Xcc values. The unbalanced occupation of the pure p-orbital increases from the first to the third group.
